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(57) ABSTRACT

A light-transmitting pane for displaying an image of a
head-up display 1s provided. The light-transmitting pane
includes a cholesteric liquid-crystal layer arrangement,
which 1s arranged 1n the interior of the pane or 1s arranged
on a surface of the pane. Depending on the polarization of
the incident light, at least a portion of the light generated by
an 1mage generating device of a head-up display arrange-
ment can be reflected on the cholesteric liquid-crystal layer

arrangement such that the reflected light has a p-polarized
fraction, which can be perceived through polarized sun-
glasses.

9 Claims, 5 Drawing Sheets
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LIGHT-TRANSMITTING PANE FOR
DISPLAYING AN IMAGE OF A HEAD-UP
DISPLAY FOR POLARIZED SUNGLASSES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119
from German Patent Application No. 10 2013 206 5035.1,
filed Apr. 12, 2013, the entire disclosure of which 1s herein

expressly incorporated by reference.

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

The mvention relates to a light-transmitting pane for
displaying an immage of a head-up display for polanzed
sunglasses. The mvention further relates to a head-up dis-
play arrangement and to a vehicle having such a head-up
display arrangement.

Head-up display arrangements can be used 1n vehicles for
displaying information. A head-up display arrangement
includes an 1mage generating device for generating a virtual
image and a light-transmitting pane for displaying the
image. The head-up display arrangement thereby makes 1t
possible to display information for a driver directly on the
windshield of a vehicle. For this purpose, the 1mage gener-
ating device generates rays of light 1n the direction of the
windshield, which rays of light are reflected on the wind-
shield 1n the direction of the driver. In this case, s-polarized
light exhibits particularly good reflection properties. In the
case of s-polarized light, the image generating device gen-
erates the light 1n an almost perpendicularly polarized man-
ner with the respect to the plane of incidence on the
windshield.

It 1s disadvantageous that the s-polarized light reflected at
the windshield can only be perceived to a very limited extent
or not at all by way of sunglasses which have a polarization
filter. The lenses of these so-called polarized sunglasses are
generally light-transmitting for p-polarized light, 1.e. light
that 1s polarized 1n a parallel manner with respect to the
plane of incidence of the windshield.

In order to be able to read a full-color image from a
head-up display arrangement by way of polarized sun-
glasses, additional measures are required with respect to the
light-transmitting pane, particularly the windshield or com-
biner pane, of the head-up display arrangement. Although
solutions exist for monochrome head-up displays, these
cannot be used for tull-color displays.

It 1s desirable to indicate a light-transmitting pane for a
head-up display arrangement, on which the light generated
by an image generating device ol the head-up display
arrangement 1s retlected and can be clearly seen by way of
polarized sunglasses. Beyond that, 1t 1s desirable to indicate
a head-up display arrangement which makes 1t possible to
reflect the light generated by an 1mage generating device of
the head-up display arrangement on a light-transmitting
pane and to clearly see it by way of polarized sunglasses.
Furthermore, a vehicle 1s to be indicated that has such a
head-up display arrangement.

According to a conceivable embodiment, a light-trans-
mitting pane for a head-up display arrangement for display-
ing an 1image visible by way of polarized sunglasses includes
a cholesteric liqud-crystal layer arrangement which 1is
arranged 1n the interior of the pane or i1s arranged on a
surface of the pane. An embodiment of a head-up display
arrangement includes a light-transmitting pane of the above-
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mentioned type as well as an 1mage generating device for
generating an image by way of rays of light generated on the
output side. The pane and the image generating device are
arranged such that the light generated by the 1image gener-
ating device impinges on the cholesteric liquid-crystal layer
arrangement.

The cholesteric liquid-crystal layer arrangement can be
applied directly to the glass, which can be used as the
substrate 1 this embodiment. According to a further
embodiment, the cholesteric liquid-crystal layer arrange-
ment can be applied to a polymer film substrate and be glued
onto a surface of the light-transmitting pane or be integrated
in the interior of the pane. When the pane 1s a windshield or
a combiner pane of a vehicle, onto which the cholesteric
liquid-crystal layer arrangement 1s glued, light generated by
the 1image generating device on the output side 1n a circular
or p-polarized manner, when impinging on the cholesteric
liquid-crystal layer arrangement, 1s reflected 1n a circularly
polarized manner i1n the direction of the driver. The p-po-
larized light fraction of the circularly polarized light is
transmitted by polarized sunglasses and, for the wearer of
the sunglasses, results 1n a visible 1mage generated by the
head-up display. When the cholesteric liquid-crystal layer
arrangement 1s arranged 1n the interior of the pane, although
the p-polarnized light fraction directed to the driver 1s
changed because of the air-glass boundary layer of the pane,
so that elliptically polarized light is retlected in the driver’s
direction, depending on the selected polarization of the
impinging light, the p-polarized light {fraction of the
reflected light will still always be sufhliciently large in order
to be perceived by a wearer of the polarized sunglasses.

In the following, the invention will be explained in detail
by means of figures, the embodiments of the light-transmuit-
ting pane, the head-up display arrangement and the vehicle
having such a head-up display arrangement.

Other objects, advantages and novel features of the pres-
ent invention will become apparent from the following
detailed description of one or more preferred embodiments
when considered in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view of an embodiment of a vehicle having a
head-up display arrangement;

FIG. 2 1s a view of a first embodiment of a light-
transmitting pane for displaying an image of a head-up
display;

FIG. 3 1s a view of a second embodiment of a light-
transmitting pane for displaying an image of a head-up
display;

FIG. 4 1s a view of a first embodiment of a cholesteric
liguid-crystal layer arrangement for a light-transmitting
pane of a head-up display arrangement;

FIG. 5 1s a view of a second embodiment of a cholesteric
liguid-crystal layer arrangement for a light-transmitting
pane of a head-up display arrangement;

FIG. 6A 1s a view of a third embodiment of a cholesteric
liguid-crystal layer arrangement having {irst molecule
arrangements for a light-transmitting pane of a head-up
display arrangement;

FIG. 6B 1s a view of the third embodiment of a cholesteric
liquid-crystal layer arrangement having second molecule
arrangements for a light-transmitting pane of a head-up

display arrangement.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a vehicle 1 having a head-up display
arrangement 10. The head-up display arrangement 10
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includes a light-transmitting pane 11 and an 1mage gener-
ating device 12 for generating an 1image. The light-transmiat-
ting pane 11 may be designed as a windshield of a vehicle
or as a combiner pane of the head-up display arrangement
10. The image generating device 12 generates light on the
output side 1n the direction of the light-transmitting pane 11.
Since the lenses of polarized sunglasses 2 are sufliciently
transparent only for light that 1s p-polarized with respect to
the plane of incidence of the pane 11, 1.e. parallel-polarized,
the 1image generating device 12 generates the light in such a
manner that the light exiting on the output side from the
image generating device has at least a p-polarized fraction.
A p-polarized portion of the reflected light can be perceived
by the wearer of the polanized sunglasses.

The 1mage generating device 12 can generate, for
example, circularly polarized light, 1.e. light that 1s 50%
s-polarized and 50% p-polarized with respect to the plane of
incidence of the pane 11. According to a further embodiment
of the head-up display arrangement 10, the 1mage generating
device 12 generates light that 1s 100% p-polarized with
respect to the plane of incidence of the pane 11.

The p-polarized fraction of light 1s almost completely
transmitted by a light-transmitting pane, for example, a glass
pane or a pane made of a material of transparent plastic. So
that at least a portion of the p-polarized fraction of the light
generated by the image generating device 12 can be retlected
in the direction of the driver, a layer arrangement 100 of
cholesteric liquid-crystals 1s used as a reflecting layer 1n or
on the light-transmitting pane 11 of the head-up display
arrangement. The cholesteric liqud-crystal layer arrange-
ment 100 1s designed for reflecting at least a portion of the
light 1mpinging on the cholesteric liquid-crystal layer
arrangement 100, particularly a portion of the p-polanzed
light.

When the cholesteric liquid-crystal layer arrangement 100
1s applied to a surface of the light-transmitting pane, light
impinging circularly or in a p-polarized manner on the pane
1s reflected 1n a circularly polarized manner. This means that
a light intensity ratio of s- to p-polarized light of 1:1 1s
present 1n the reflected light. The p-polanized light fraction
1s transmitted by the lenses of the polarized sunglasses and
results 1n a visible image generated by the head-up display
arrangement. As a result, the image of a full-color head-up
display becomes visible within an acceptable scope also by
way ol polarized sunglasses.

FIG. 2 illustrates an embodiment 11a of the light-trans-
mitting pane 11 with a cholesteric liquid-crystal layer
arrangement 100 arranged on a surface 011 of the pane. The
image generating device 12 can generate the light in the
direction of the cholesteric liquid-crystal layer arrangement
100 of the pane 11 1n a circularly polarized manner, 1.e. 50%
s-polarized and 50% p-polarized with respect to the plane of
incidence. According to a further embodiment, the image
generating device 12 can generate the light in the direction
of the cholesteric liquid-crystal layer arrangement 100 1n a
completely p-polarized manner. The cholesteric liquid-crys-
tal layer arrangement 100 retlects the circularly or p-polar-
1zed light impinging on 1t so that, in both cases, circularly
polarized light, 1.e. light that 1s 50% s-polarized and 50%
p-polarized, is reflected 1n the direction of the driver. The
fraction of the light that 1s transmitted by the cholesteric
liquid-crystal layer arrangement 100, for p-polarized light
impinging on the pane, 1s polarized almost completely
parallel to the plane of incidence of the pane.

FIG. 3 illustrates an embodiment 115 of the light-trans-
mitting pane 11, in the case of which, 1n contrast to the
embodiment 11aq 1llustrated 1n FIG. 2, the cholesteric liquid-
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crystal layer arrangement 100 1s arranged 1n the interior of
the pane 11. As in the embodiment of FIG. 2, the lighting
device 12 of the head-up display arrangement 10 can gen-
erate circularly or p-polarized light. As 1n the embodiment of
FIG. 2, the pane 11 and the lighting device 12 are oriented
with respect to one another such that the light impinges on
the cholerestic liquid-crystal layer arrangement 100
arranged 1n the interior of the pane 11. In contrast to the
embodiment of FIG. 2, in the embodiment of FIG. 3,
because of the air-glass boundary layer, the p-polarized light
fraction directed to the driver 1s changed, so that the light
reflected 1n the direction of the driver 1s elliptically polar-
1zed. Nevertheless, the p-polarized fraction of the reflected
clliptically polanized light 1s sufliciently large 1 order to be
able to be perceived by polarized sunglasses.

The reflectivity at the pane 11 for p-polarized light,
particularly the reflectivity at the air/glass boundary layer,
when the light enters into the pane, and at the glass/air
boundary layer, when the light exits the pane, for the
relevant area of the angle of incidence, between 60° and 65°
1s relatively low. This has the advantage that, when p-po-
larized light 1s used, double 1images occur as a result of
reflection at the pane only to a limited degree, so that
so-called ghosting effects can be minimized.

The cholerestic liqud-crystal layer systems can be
applied to a substrate, for example, to a polymer film
substrate. This permits the functionalization of a combiner
of a head-up display or a windshield which 1s used as a
projection surface of a mirror head-up display. In the
embodiment illustrated i FIG. 2, the substrate may, for
example, be constructed as a self-adhesive polymer foil to
which the cholesteric liquid-crystal layer arrangement 1s
applied. The self-adhesive polymer fo1l with the cholerestic
liquid-crystal layer arrangement can be applied to the sur-
face 011 of the light-transmitting pane. The embodiment
illustrated 1n FIG. 2 therefore makes 1t possible to apply the
cholesteric liquid-crystal layer arrangement to the pane 11
only subsequently. For producing the embodiment 1llus-
trated 1n FIG. 3, the substrate constructed as a polymer foil
with the cholesteric liquid-crystal layer system can be
embedded 1n the pane 11 by a laminating process.

FIG. 4 1llustrates an embodiment of a cholesteric liquid-
crystal layer arrangement 100a which can be applied to the
surface 011 of the light-transmitting pane 11a illustrated 1n
FIG. 2 or can be integrated in the light-transmitting pane 115
illustrated 1 FIG. 3. The cholesteric liquid-crystal layer
arrangement 100aq 1s arranged on a substrate 200, for
example, a polymer layer. In one layer plane S1, the cho-
lesteric liquid-crystal layer arrangement 100a contains at
least one helical molecule arrangement of a certain pitch.
Preferably, a plurality of helical molecule arrangements 110
are present within the layer plane S1. The individual mol-
ecules 110 of each of the helical molecule arrangements
1100 are wound spirally around an axis which 1s orthogo-
nally aligned with respect to the substrate 200. Each of the
molecule arrangements 1100 has a well-defined chirality
within a period of its pitch. For example, each of the
molecule arrangements 1100 may have a rnght-handed wind-
ing of 1ts molecules 110 within a period of 1its pitch. The
reflection behavior of the cholesteric liquid-crystal layer
arrangement can be set by the respective pitch and the
respective overall height of the helical molecule arrange-
ments.

FIG. § 1llustrates an embodiment of a cholesteric liquid-
crystal layer arrangement 1005 for a light-transmitting pane
of a head-up display arrangement. The cholesteric liquid-
crystal layer arrangement 10056 can be applied to the surface




US 10,551,621 B2

S

011 of the light-transmitting pane 11a illustrated in FIG. 2 or
can be integrated in the light-transmitting pane 115 1llus-
trated 1n FIG. 3. In different layer planes S1, S2 and S3
arranged above one another, the cholesteric liquid-crystal
layer arrangement 1006 has at least one helical molecule
arrangement 1100, 1200 and 1300 respectively. Preferably, a
plurality of helical molecule arrangements 1100, 1200 and
1300 are arranged 1n each of the layer planes S1, S2 and S3.
The respective helical molecule arrangements 1100, 1200
and 1300 have a diflerent pitch and/or a different overall
length 1n the different layer planes S1, S2 and S3. In contrast,
the helical molecule arrangements 1100, 1200 and 1300
present 1n a layer have a uniform pitch and/or a uniform
overall length.

For example, the helical molecule arrangements 1100 1n
the layer plane S1 have a pitch of 300 nm; the helical
molecule arrangements 1200 1n the layer plane S2 have a
pitch of 370 nm; and the helical molecule arrangements
1300 1n the layer plane S3 have a pitch of 460 nm. The helix
length of the molecule arrangements 1100 may, for example,
amount to 750 nm 1n the layer plane S1. The helix length of
the molecule arrangements 1200 may, for example, amount
to 925 nm 1n the layer plane S2; and the helix length of the
molecule arrangements 1300 may, for example, amount to
1,150 nm 1n the layer plane S3.

The helical molecule arrangements of the different layers
S1, S2, S3 per layer are each arranged on a substrate 200, for
example, a polymer layer. The individual molecules 110 of
cach of the helical molecule arrangements 1100, 1200, 1300
are wound spirally around an axis which i1s orthogonally
aligned with respect to the respective substrate 200. Each of
the molecule arrangements 1100, 1200 and 1300 has a
well-defined chirality within a period of its pitch.

In the embodiment of FIG. 5, the respective helical
molecule arrangements of the different layer planes S1, S2
and S3 have the same chirality. For example, each of the
molecule arrangements 1100, 1200 and 1300 may have a
right-handed winding of 1ts molecules 110 within a period of
its pitch. The reflection behavior of the cholesteric liquid-
crystal layer arrangement 1005 can be set by the respective
pitch and the respective overall height of the helical mol-
ecule arrangements 1100, 1200 and 1300.

According to a conceivable embodiment, the cholesteric
liquid-crystal layer arrangements 100a, 10056 and 100c¢ have
a double-refracting construction. The layer arrangement has
an ordinary and extraordinary index of refraction. The
ordinary index of refraction may of a value of approximately
1.5. The extraordinary index of refraction may assume a
very low double refraction value of, for example, of 1.5, but
also a value of up to 1.8.

By way of such a cholesteric liquid-crystal layer arrange-
ment, for p-polarized light impinging on a pane 11 made of
glass, for example, a reflectivity of approximately 20% to
25% can be achieved in the optical wavelength range for an
oblique angle of incidence of 65°. The light reflected 1n the
direction of the driver from the layer system 10056 1s circu-
larly polarized. The light transmitted by the layer system
1005 1s polarized almost completely parallel with respect to
the plane of incidence, resulting 1n advantages for the double
image suppression. The transmitting capability for non-
polarized light amounts to approximately 80%.

The cholesteric liquid-crystal layer arrangement may be
constructed such that a reflection edge for light with an angle
of incidence of 0° 1s at approximately 400 nm, which
corresponds to the beginning of the perceptible visible
wavelength spectrum. In the case of a varniation of the angle
of 1ncidence, color distortions can thereby be avoided. At
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almost all angles of incidence, the visible wavelength range
has an approximately constant degree of reflection/transmis-
S1011.

When light 1s used that impinges on the layer arrangement
10056 1n a right-circular manner, the chirality of the light 1s
adapted to the chirality of the molecule arrangement, which
results 1n an increase of the reflection efliciency by approxi-
mately 40%. However, 1n this case, double-image effects
(ghosting eflects) become superproportionally more light-
intensive. For reducing the double-image effects, an antire-
flection coating can be applied to the light-transmitting pane
11.

FIGS. 6A and 6B illustrate a further embodiment of a
cholesteric liquid-crystal layer arrangement 100c¢ for a light-
transmitting pane of a head-up display arrangement. For a
better representation, the helical molecule arrangements
1100, 1200 and 1300 as well as the helical molecule arrange-
ments 1400, 1500 and 1600 are shown 1n two FIGS. 6 A and
6B. However, this 1s a layer construction, in which the
helical molecule arrangements 1400, 1500 and 1600 are
arranged above the molecule arrangements 1100, 1200 and
1300. The overall cholesteric liquid-crystal layer arrange-
ment 100c¢ therefore has a total of 6 layers S1, .. ., S6, in
which the helical molecule arrangements 1100, . .., 1600 are
arranged. The cholesteric liqud-crystal layer arrangement
100c can be applied to the surface 011 of the light-trans-
mitting pane 11a 1llustrated in FIG. 2 or can be integrated in
the light-transmitting pane 114 illustrated 1n FIG. 3.

The cholesteric liquid-crystal layer arrangement 100c¢ has
the helical molecule arrangements 1100, 1200 and 1300
described by means of FIG. 5, which are illustrated in FIG.
6A. The helical molecule arrangements 1100, 1200 and 1300
are arranged in the different layer planes S1, S2 and S3
arranged above one another on a substrate layer 200, for
example, a polymer layer. In each layer plane, the helical
molecule arrangements arranged therein have a uniform
pitch and/or a uniform overall length. In the different layer
planes S1, S2 and S3, the molecule arrangements 1100,
1200, 1300 have different pitches and/or different overall
lengths.

For example, the helical molecule arrangements 1100 1n
the layer plane S1 have a pitch of 300 nm; the helical
molecule arrangements 1200 1n the layer plane S2 have a
pitch of 370 nm; and the helical molecule arrangements
1300 1n the layer plane S3 have a pitch of 460 nm. The helix
length of the molecule arrangements 1100 may, for example,
amount to 750 nm 1n the layer plane S1. The helix length of
the molecule arrangements 1200 may, for example, amount
to 925 nm 1n the layer plane S2; and the helix length of the
molecule arrangements 1300 may, for example, amount to
1,150 nm 1n the layer plane S3.

In addition to the helical molecule arrangements 1100,
1200 and 1300, the cholesteric liquid-crystal layer arrange-
ment 100c¢ contains the further helical molecule layer
arrangements 1400, 1500 and 1600, which are illustrated 1n
FIG. 6B. These helical molecule arrangements 1400, 1500
and 1600 are also arranged 1n the different layer planes S4,
S5 and S6 arranged above one another, each on a substrate
layer 200, for example, a polymer layer. In each layer plane,
the helical molecule arrangements arranged therein have a
uniform pitch and/or a uniform overall length. In the dif-
ferent layer planes S1, S2 and S3, the molecule arrange-
ments 1400, 1500, 1600 have different pitches and/or dif-
terent overall lengths.

For example, the helical molecule arrangements 1400 1n
the layer plane S4 have a pitch of 300 nm; the helical
molecule arrangements 1500 1n the layer plane S5 have a
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pitch of 370 nm; and the helical molecule arrangements
1600 1n the layer plane S6 have a pitch of 460 nm. The helix
length of the molecule arrangements 1400 may, for example,
amount to 750 nm 1n the layer plane S1. The helix length of
the molecule arrangements 1500 may, for example, amount
to 925 nm 1n the layer plane S5; and the helix length of the
molecule arrangements 1600 may, for example, amount to
1,150 nm 1n the layer plane S6.

The cholesteric liquid-crystal layer arrangement 100c¢
may have a double-refracting construction, with an ordinary
index of refraction of approximately 1.5 and an extraordi-
nary index of refraction of, for example, of 1.5 to 1.8. The
helical molecule arrangements 1100, 1200 and 1300 have a
different chirality than the helical molecule arrangements
1400, 1500 and 1600. For example, the helical molecule
arrangements 1100, 1200, and 1300 are wound 1n a right-
handed manner, while the helical molecule arrangements
1400, 1500 and 1600 are arranged 1n a left-handed fashion.
This has the result that, when p-polarized light from the
image generating device of the head-up display arrangement
1s 1ncident on the cholesteric liquid-crystal molecule
arrangements 1100, 1200 and 1300, for example, the right-
circular polarization direction of p-polarized light 1s
reflected, whereas, at the cholesteric liquid-crystal molecule
arrangements 1400, 1500, 1600, the left-circular polariza-
tion direction of p-polarized light 1s reflected. The total
reflectivity 1s therefore increased approximately by the fac-
tor two.

The foregoing disclosure has been set forth merely to
illustrate the mvention and 1s not intended to be limiting.
Since modifications of the disclosed embodiments incorpo-
rating the spirit and substance of the invention may occur to
persons skilled in the art, the invention should be construed
to include everything within the scope of the appended
claims and equivalents thereof.

LIST OF REFERENC.

L1

SYMBOLS

1 Vehicle

2 Polarized sunglasses

10 Head-up display arrangement

11 Light-transmitting pane

12 Image generating device

100 Cholesteric liquid-crystal layer arrangement
110 Molecule

200 Substrate

1100, . . . , 1600 Helical molecule arrangements
S1, ..., 56 Layer planes

The 1nvention claimed 1s:

1. A light-transmitting pane for a head-up display arrange-
ment for displaying a full-color 1mage that 1s visible through
polarized sunglasses, the light-transmitting pane compris-
ng:

a cholesteric liquid-crystal layer arrangement, which 1s
arranged 1n an interior of the pane or 1s arranged on a
surface of the pane so as to reflect linearly p-polarized
incident light generated by an image generating device,

wherein the light-transmitting pane 1s configured to dis-
play the full-color image by reflecting the linearly
p-polarized incident light from the cholesteric liquid-
crystal layer arrangement such that circularly polarnized
reflected light 1s propagatable in the direction of a
driver wearing the sunglasses if the cholesteric liquid-
crystal layer arrangement 1s arranged on the surface of
the pane and elliptically polarized reflected light 1s
propagatable 1n the direction of the driver wearing the
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sunglasses 1 the cholesteric liquid-crystal layer
arrangement 1s arranged 1n the interior of the pane,

wherein the cholesteric liquid-crystal layer arrangement
comprises a plurality of helical molecule arrangements
in different layer planes that are arranged above one
another, wherein each of the plurality of helical mol-
ecule arrangements 1s arranged on a respective polymer
layer, wherein each of the plurality of helical molecule
arrangements has a same chirality, and wherein each of
the different layer planes 1s defined between respective
polymer layers,

wherein helical molecule arrangements i a first one of
the different layer planes have a uniform pitch and a
uniform overall length, and

wherein the plurality of helical molecule arrangements
have a different pitch and a different overall length 1n
cach of the different layer planes.

2. The light-transmitting pane according to claim 1 further
comprising an additional plurality of helical molecule
arrangements in different layer planes that are arranged
above one another, wherein the additional plurality of helical
molecule arrangements are arranged above the plurality of
helical molecule arrangements and wherein the additional
plurality of helical molecule arrangements have a diflerent
chirality than the plurality of helical molecule arrangements.

3. A head-up display arrangement comprising;:

a light-transmitting pane comprising a cholesteric liquid-
crystal layer arrangement, which 1s arranged 1n an
interior of the pane or 1s arranged on a surface of the
pane so as to retlect linearly p-polarized incident light;
and

an 1mage generating device for generating a virtual 1mage
from linearly p-polarized light generated at an output
side of the 1mage generating device,

wherein the pane and the image generating device are
arranged such that the linearly p-polarized light gener-
ated by the 1image generating device 1s incident on the
cholesteric liquid-crystal layer arrangement, and a full-
color image 1s displayed on the light-transmitting pane
by virtue of the cholesteric liquid-crystal layer arrange-
ment reflecting the incident linearly p-polarized light so
that circularly polarized light 1s propagatable in the
direction of a driver wearing sunglasses 1f the choles-
teric liquid-crystal layer arrangement 1s arranged on the
surface of the pane and elliptically polarized light 1s
propagatable in the direction of the dniver wearing
sunglasses 1I the cholesteric liquid-crystal layer
arrangement 1s arranged 1n the interior of the pane,

wherein the cholesteric liquid-crystal layer arrangement
comprises a plurality of helical molecule arrangements
in different layer planes that are arranged above one
another, wherein each of the plurality of helical mol-
ecule arrangements 1s arranged on a respective polymer
layer, wherein each of the plurality of helical molecule
arrangements has a same chirality, and wherein each of
the different layer planes 1s defined between respective
polymer layers,

wherein helical molecule arrangements 1n a first one of
the different layer planes have a uniform pitch and a
uniform overall length, and

wherein the plurality of helical molecule arrangements
have a diflerent pitch and a different overall length 1n
cach of the different layer planes.

4. A head-up display arrangement according to claim 3,

wherein the 1mage generating device 1s configured to gen-
erate circularly polarized light.
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5. The head-up display arrangement according to claim 3,
wherein the 1image generating device 1s configured to gen-
crate light that 1s polarized exclusively parallel to a plane of

incidence of the pane.

6. The head-up display arrangement according to claim 3,
wherein the cholesteric liquid-crystal layer arrangement 1s
configured to transmit at least 70% of non-polarized light
impinging on the cholesteric liquid-crystal layer arrange-
ment.

7. The head-up display arrangement according to claim 3
turther comprising an additional plurality of helical mol-
ecule arrangements 1n different layer planes that are
arranged above one another, wherein the additional plurality
of helical molecule arrangements are arranged above the
plurality of helical molecule arrangements and wherein the
additional plurality of helical molecule arrangements have a
different chirality than the plurality of helical molecule
arrangements.

8. A head-up display arrangement comprising;:

a light-transmitting pane comprising a cholesteric liquid-
crystal layer arrangement, which 1s arranged in an
interior of the pane so as to retlect linearly p-polarized
incident light; and

an 1mage generating device for generating a virtual image
from linearly p-polarized light generated at an output
side of the image generating device,

wherein the pane and the 1mage generating device are
arranged such that the linearly p-polarized light gener-
ated by the 1image generating device 1s incident on the
cholesteric liquid-crystal layer arrangement, and a full-
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color image 1s displayed on the light-transmitting pane
by virtue of the cholesteric liquid-crystal layer arrange-
ment reflecting the incident linearly p-polarized light so
that elliptically polarized light 1s propagatable in the
direction of the drniver wearing sunglasses,

wherein the cholesteric liquid-crystal layer arrangement

comprises a plurality of helical molecule arrangements
in different layer planes that are arranged above one
another, wherein each of the plurality of helical mol-
ecule arrangements 1s arranged on a respective polymer
layer, wherein each of the plurality of helical molecule
arrangements has a same chirality, and wherein each of
the different layer planes 1s defined between respective
polymer layers,

wherein helical molecule arrangements 1 a first one of

the different layer planes have a uniform pitch and a
uniform overall length, and

wherein the plurality of helical molecule arrangements

have a diflerent pitch and a different overall length 1n
cach of the different layer planes.

9. The head-up display arrangement according to claim 8
further comprising an additional plurality of helical mol-
ecule arrangements 1n different layer planes that are
arranged above one another, wherein the additional plurality
of helical molecule arrangements are arranged above the
plurality of helical molecule arrangements and wherein the
additional plurality of helical molecule arrangements have a
different chirality than the plurality of helical molecule
arrangements.
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